Structural basis of functions of the mitochondrial cytochrome bc1 complex.
The crystal structure of the cytochrome bc1 complex (ubiquinol-cytochrome c reductase) from bovine heart submitochondria was determined at 2.9 A resolution. The bc1 complex in crystal exists as a closely interacting dimer, suggesting that the dimer is a functional unit. Over half of the mass of the complex, including subunits core 1 and core 2, are on the matrix side of the membrane, while most of the cytochrome b subunit is located within the membrane. There are 13 transmembrane helices in each monomer, eight of them belonging to cytochrome b. Two large cavities are made of the transmembrane helices D, C, F and H in one monomer and helices D' and E' from the other monomer of cytochrome b, and the transmembrane helices of c1, iron-sulfur protein (ISP), and subunits 10 and 11. These cavities provide entrances for ubiquinone or inhibitor and connect the Qi pocket of one monomer and the Qo pocket of the other monomer. Ubiquinol made at the Qi site of one monomer can proceed to the nearby Qo site of the other monomer without having to leave the bc1 complex. The soluble parts of cytochrome c1 and ISP, including their redox prosthetic groups, are located on the cytoplasmic side of the membrane. The distances between the four redox centers in the complex have been determined, and the binding sites for several electron transfer inhibitors have been located. Structural analysis of the protein/inhibitor complexes revealed that the extramembrane domain of the Rieske iron-sulfur protein may undergo substantial movement during the catalytic cycle of the complex. The Rieske protein movement and the larger than expected distance between FeS and cytochrome c1 heme suggest that electron transfer reaction between FeS and cytochrome c1 may involve movements or conformational changes in the soluble domain of iron-sulfur protein. The inhibitory function of E-beta-methoxyacrylate-stilbene and myxothiazol may result from the increase of mobility in ISP, whereas the function of stigmatellin and 5-undecyl-6-hydroxy-4,7-dioxobenzothiazole may result from the immobilization of ISP.